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and the accompanying reissue application. 
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right to execute submit this Order For Title Report and to file and prosecute the 
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The enclosed check in the amount of $ 370.00 is believed to cover the PTO 
fee for the title report, as required under 37 CFR 1 .19(b)(4). as well as the official 
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any overpayment to Deposit Account No. 16-0221 . 
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credit. 
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ENDOSCOPE WITH POSITION DISPLAY 
FOR ZOOM LENS UNIT AND IMAGING 
DEVICE 

FRIORTTY DATA 5 

This is a continuation-iD-pait of U.S. patent application 
Ser. No. 08/319.886. filed 7 Oct. 1994 for "Electronic 
Endoscope With Zoom Lens System" (Anomey Docket No. 
OKTA-1). DOW U.S. Pat. No. 5.582.576. 

FIELD OF THE IN\^TION 

The present invention relates generally to endoscopes and 
more specifically to electronic image displays for endo- 
scopes which have a solid state imaging de\dce and an 1 5 
optical system thai includes a zoom lens unit for transmitting 
images to the solid state imaging device. 

PRIOR ART 

• 20 

Endoscopes, which are instnimcnts used to inspect cavi- 
ties or openings, have found a great number of applications 
in medicine and other technology. In the field of medicine, 
the use of endoscopes permits inspection of organs or other 
biological specimens for the purpose ofinspecting a surgical ^ 
site, sampling tissue and/or facilitating the man^)Ulation of 
other surgical instruments* usually wi& the objective of 
avoiding invasive and traumatizing surgical procedures. 

Older conventional endoscopes used in medicine have an 
objective lens unit at their distal (forward) ends which 3Q 
transmits an image of Uie area forward of tbc objective lens 
unit to the proximal (rear) end of fee endoscope for viewing 
in an eye-piece, the image being transmitted to the eye-piece 
via an image forwarding means in fee form of a so-called 
relay lens set or an optical fiber bundle unit In more recent 
years, in place of fee eye-piece and at least part of fee image 
forwarding means, it has been preferred to provide a smaD 
dze solid state video imaging device, such as one consti- 
tuting a CXID diip, in fee imaging plane of fee objective 
lens, and applying fee output of feat video imaging device ^ 
via a suitable electronic transmission system to a video 
monitor for viewing by fee user. Wife bofe types of image 
' transmitting and viewing axrangcments. fee surgeon can 
view fee displayed image and use fee information conveyed 
by that image to manq)ulate fee endoscope and also ofeer 
surgical instruments feat have been inserted into fee patient 
via anofeer incision or opening in fee patient's body. In fee 
case of endoscopes feat incoqxrate a solid state video 
imaging device, fee image seen by fee objective lens unit 
can be observed in fee display provided by fee video monitor 
wife or wifeout magnification. 

An itnpan&nt consideration of recent attempts to provide 
electronic endoscopes is to maximize fee extent feat fee 
surgical site is encompassed by fee endoscope image seen by 
fee surgeon (i.e.. fee field of view) wifeout any substantially 55 
detnmental loss of image resolution. 

As is well known, a critical requirement of surgical 
cndoscq)es scopes is that fee maximum cross-sectional 
dimension of fee endoscope must be kept quite small in 
keeping wife fee objective of avoiding invasive and trau- 60 
matizing surgical procedures. However, it also is necessary 
that fee endoscope have an iUumination lumen or duct of a 
size that will assure adequate illimaination of fee surgical site 
being inspected. In addition it is desirable to provide an 
optical system in fee endoscope feat maximizes the extent of 65 
fee surgical site that is encon^)assed by fee image seen by 
fee surgeon (ic,. fee field of view) wifeout any substantially 
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detrimental loss of image resolution. In recogaition of the 
two-fold desire to maximize the field Of view and image 
resolution, efforts have been made by others to provide 
endoscopes with a zoom lens system. Such endoscopes 
5 typically include an objective lens stage, a zoom lens stage, 
and a focusing lens fcs* making ccnain that the image passed 
by the zoom lens is in focus. In the case where a solid state 
imaging device is used in an endoscope, the desired focus 
control can be achieved and maintained by shifting the 
solid-state imaging device along the axis of the endoscope in 
a direction and by an amount sufficient to achieve the desired 
focus control 

An example of an endoscope having a zoom lens and a 
movable imaging device system is disclosed by U.S. Pat 
i5 No. 4,488.039. issued 11 Dec. 1984 to Masamichi Sato et al 
for 'Imaging System Having Vari-Focal Lens For Use In 
Endoscope". In essence the arrangement disclosed in U.S. 
Pat No. 4.488.039 is one in which the position of the 
imaging device that is required to adiieve proper focusing is 
20 estimated on the basis of the position of the zoom lens. 
However, the Sato et al endoscope is handicapped by the fact 
that ihe process of estimating is conducted **on the fly*\ 
which appears to limit the accuracy and/or response time of 
the system with respect to optimizing continuous focusing 
25 during movement of Ae zoom lens, 

U.S. Pat No. 4.488.039 suggests that the endoscope may 
be modified so as to make its control system capable of 
detecting changes in tiie position of the imaging device and 
then estimating an appropriate position for the zoom lens in 
30 order to adiicve proper focusing of the sensed image on the 
imaging surface of the imaging device. That arrangement 
appears to suffer from the need to estimate the appropriate 
j podtion for the zoom lens unit as the imaging device is 
! being moved, so &al the system disclosed by U.S. Pat No. 
1 35 4.488.039 does not embody a practical electrical mechanical 
design &at Is relatively inescpensive to mantxfacture and also 
is dsaracterized by an ef&dent and reliable mode of opera- 
! tion. 

The endoscope described in said copending U.S. appli* 

40 cation Scr. No. 08/319.886 embodies a zoom lens unit which 
is under operator control plus a CCD inoaging device which 
also is under operator control As &e zoom lens unit position 
is modified, the lens system focal plane shifts (inward or 
outward according to the direction of movement of ibe zoom 

45 lens unit) causing the image seen by the CCD imaging 
device to become unfocussed. Also as the object of attention 
in the video image varies in distance from the lens system, 
the position of the lens system focal plane also shifts, 
causing the image projection seen by ^e CCD imaging 

50 device to become unfocussed Accordingly, the endoscope 
invention of said copending U.S. application Ser. No. 
08/319.886, embodies an automatic control system 
(hereinafter described) whidi serves to capture a properly 
focused image. Hie automatic control system compensates 

55 for both focal plane shifts by automatically shifting &c CCD 
imaging device position to track the lens system focal plane, 
and thereby maintain proper focus at the image*reoeiving 
surface of the imaging device. The control system requires 
as input parameters specified by the operator both the zoom 

60 lens setting and the distance from tiic lens system to the 
object of interest (the **object distance"). Widi that infonna- 
tion (plus its knowledge of &e diaractcristics of the lens 
system) the control system is able to maintain proper focus 
under all conditions. Thus, the operator may vary the zoom 

65 and deflect distance parameters over some predcicnnined 
aHowabie range <rf values, and cxpca ftc control system to 
property adjust focus to track his or her commands. 
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Howcvcx. particulariy since the range of values which may 
be specified for either parameter is limited, it becomes 
advantageous to provide some form of infarmation feedback 
from the control system to the operator to indicate the 
parameter values currently specified by the q>erator and 5 
their relationship to their respective permissible ranges. It 
also is useful to the operator to indicate, by some form of 
1 infomaation feedback, that a particular parameter has been 
driven to a limit of its permissible range and hence may not 
be driven further in that direction. lo 

SUMMARY OF THE INVENTION 

The primary object of this invention is to proxide an 
endoscope of the t>^ described with means for generating 
feedback information to the operator to indicate the instan- 
tancous position(s) of the zoom lens unit and/or the imaging 
device. The method and means chosen for proxiding the 
feedback information utilizes the video display means (e.g.. 
TV monitor) which is used to display the optical image seen 
by &c endoscope's objective lens. Preferably the video 
display means is used to simultaneously display a represen- 
tation of both the zoom and object distance (focus) 
parameters, and also (at selected times) the limits of said 
parameters. 

A further objea of this invention is to provide an endo- ^ 
scope of the type comprising a movable zoom lens unit and 
: a movahie electronic imaging device, first and second selec* 
tively operable means for moving said zoom lens unit and 
said imaging device respectively, and novel means for 
displaying fee position of said zoom lens unit and/or said ^ 
imaging device. 

A xnoit specific object is to provide an electronic endo- 
scope of the type having a zoom c^>ability with a novel 
means for displaying &e position of the zoom lens. 

Another specific objectof this invention is to provide an 
dectromc endoscope of the type having a movable solid 
state imaging device wi& a novel means for displaying the 
position of the solid state imaging device. 

A fur&cr objea is to provide an endoscope of &e type 40 
having an objective lens, a zoom lens unit for varying the 
effective field of view of the image transmitted by said 
objective lens, a solid state imaging device cap^lc of 
providing an output signal representative of the image it 
receives firom said objective lens via said zoom lens unit an 4$ 
electromechanical control means for selectively dianging 1 
the axial position of the zoom lens unit and/or die imaging i 
device so as to assure ttjat the optical image formed by the 
zoom lens is focused on the image-receiving surface of the t 
imaging device, electronic display means responsive to the 50 
ou^ut signal fi-om said imaging device for generating a 
visual display of the image transmitted by the objective lens, 
and means for causing said display means to generate an 
indication of &e positions of said zoom lens and said 
inaaging device in relation to predetennined end limits of the 55 ! 
paths of movement of said zoom lens unit and said imaging ^ 
device. 

In the preferred embodiment of the invention, the endo- * 
scope conpises a tube in which &c objective lens is ' 
mounted, means supporting said zoom lens and said solid 60 
state imaging device inside of said tube, first and second ^ 
modon-transmitting means for moving said zoom lens and 
said imaging device respectively along fte axis of said tube. < 
whereby the spacing between said zoom lens and said t 
objective lens and also the spacing between said zoom lens 65 I 
and said imaging device along the axis of said tube may be 
changed, a handle attached to said tube, display means for 5 
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generating a display of the image seen by said imaging 
device, control means including manually operable switch 
means carried by said handle for controlling movement of 
said zoom lens and said imaging device by said first and 

5 second motion transmitting means, said control means being 
ad^ted to position said zoom lens and/or said imaging 
device so that said inaaging device is substantially at the 
focus of said zoom lens at each position of said zoom lens, 
and means coupled to said display means for generating a 

10 display indicative of the positions of said zoom lens and said 
imaging device as they are moved between predetermined 
end limits. The control means comprises means for sensing 
the position of said zoom lens and said imaging device along 
the optical axis of the endoscope, a lookup table containing 

15 information as to the spacing required to be maintained 
between said zoom lens and said imaging device in orda for 
the focal plane of said zoom lens to be located substantially 
at the image-receiving surface of said imaging device for all 
positions of said zoom lens system, means for accessing tiie 

20 data stored in said lookup uble. and means for moving said 
zoom lens sj'stcm and/a- said imaging device in response to 
and in accordance with the accessed data. 

Other objects, advantages and novel features of the inven- 
tion will become more apparent from a consideration of the 

25 following detailed dcscr^>tion when considered in conjunc- 
tion with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

3Q FIG. 1 is a perspective view, partially in section, illus- 
trating a prcfcd^ embodiment of the invention; 

I FIG. 2 is a perspective view similar to FIG. 1. with certain 
cos^ncnts removed to better illustrate the construction of 

! the device; 

35 FIG. 3 is a view similar to FIG. 2. but with additional 
coQ^xments removed to better illustrate the construction; 

FIG. 4 is a cross-sectional view on a greatly enlarged scale 
taken along line 4-— 4 of FIG. 1; 

KG. 5 is a perspective view on an enlarged scale of 
^ certain CQn9>onents of the endoscope, with certain comjx)- 
nents broken away; 

FIG. 6 is a fragmentary exploded view on an enlarged 
scale of certain conqxjnents of the endoscope; 
45 FIG. 7 is an enlarged fragmentary perspective view illus- 
trating fee drive trains for the zoom lens unit and the 
imaging device, with portions broken away; 

FIG. 8 is a side view in elevation further illustrating the 
drive trains for the zoom lens unit and the imaging device; 
^ FIG. 9 is a j&ront end view of fee endoscope illustrating the 
disposition of fee optical fibers used to illuminate, fee 
surgical site; 

FIG. 10 is a fragmentary sectional view in elevation of fee 
elongate bushing used to support fee drive rod for fee 
imaging device; 

FIG. 11 is a fr^jnentary sectional view on an enlarged 
scale illustrating how fee bundle of optical fibers is termi- 
nated at fee proodmal end of fee endoscope; 
gQ HG. 12 is a schematic view of fee electronic control 
console to which fee endoscope of FIG. 1 is connected; 

HG. 13 is a block diagram identifying components of fee 
control system for fee cndoscqsc. including certain compo- 
nents established by programming of fee corciputer feat form 
55 part of fee control console; 

FIG. 14 is a sdicmatic view furfecr illustrating fee control 
system; 
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FIG. 15 niustraics the type of curves that are receded in 
a lookup table that forms part of the invention: 

HGS. 16-19 arc flow diagrams illustrating the mode of 
operation established by the con^)uter software program 
embodied and/or used with the controller of the endoscope; 5 
and 

HGS. 20-28 illustrate the means provided according to 
this invention for generating position marker displays. 

In the several views, the thickness and/or overall size of 
certain components are exaggerated for convenience of 
illustration. Thus, for exaiiq)le. the thicknesses of the inner 
and outer tubes and the diameter of the optical fibers 
identified hereinafter are not to scale in HGS. 4. 9 and 11. 
Also, the same elements are identified by the same numerals ^ ^ 
in the several views. 

DETAILED DESCRIPTION OF THE 
PREFERJ^D EMBODIMENT 

Referring first to HG. 1. there is illustrated an electronic 
endoscope coxx^nsing a handle unit 2 and an elongate 
mbular assembly 4. Handle unit 2 conc^rises a housing 6 
with openings through which four control switch buttons 
8A-SD protrude. A fiber cptic cable 10 and an electrical 
cable 12 are attached to the proximal (rear) end of housing 25 
6. The elongate tubular assembly 4 comprises a cylindrical 
outer tube 14 which is open at its distal (front) end. The 
proximal end of tube 14 extends into housing 6 and is 
secured by a clan^ 18 to a first portion of a mounting &ame 
16 (HGS. 2 and 8). Housing 6 preferably consists of two or 
more mating parts that are releasably secured to one another 
and tone 16 by suitable screw fasteners (not shown). 
Mounted wi&in outer tube 14 is a cylindrical inner tube 20 
(HGS. 4, 5 and 8) which has its distal (front) end tenninat- 
j ing substantially in the sam£ plane as the cocresponding end 35 
I cf the outer tube. The proximal end of inner tube 20 extends 
I beyond the corresponding end of aater tube 14 and is 
I anchored by a dan^> 22 (HG. 8) to a second portion of 
I frame 16. 

As seen in HGS. 4 and 9 the inner tube is smaller than and 40 
I is mounted eccentrically to the outer tube, so as to ]eavc a 
! oescent shaped area to accommodate a plurality of optical 
fibers 28 (HGS. 9 and 11 ) that are used to transmit light to 
iUuminate the surgical site. i.e.. the objective lens field of 
view. The distal (forward) ends of fibers 28 may (but need 45 
not) be bonded to one another by a suitable cement such as 
an cpoxy resin; in citha case, the fibers are locked in place 
between the two tubes, with their forward ends being 
optically polished and terminating substantially fiush with 
the plane of the distal end edge of the outer tube. Fibers 28 50 
project out of the rear end of outer tube 14 and are coUected 
in a protective tubing 30 preferably made of a material such 
as a silicone rubber. The rear ends of fibers are captured in 
a ferrule 32 &at is used to connect it to cable 10. The rear 
end surfaces of fibers 28 arc optically polished. 55 

Referring now to HGS. 2. 4. 5 and 10, mounted within 
and locked to inner tube 20 is an elongate bushing 34 that 
has a sleeve bearing 36 located at eadi end of its central bore 
or lumen 35 (HG. 10). Bearings 36 are made of a material 
; having a low coefBcient of Mction. The proximal (rear) end 60 
; of bushing 34 terminates substantially fiush with the cone- 
; sponding end of inner tube 20. The forward end of bushing 
34 terminates intermediate the opposite ends of tube 20 
(HG. 5). As seen in HG. 4. bushing 34 has a generally 
cylindrica] outer surface 38 sized so that it makes a dose or 6S 
tight fit vnth the inner surface of inner tube 20. That 
generally cylindrical outer surface of the bushing is dis- 
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ruptcd by tiircc axially extending grooves 40. 42 and 44. 
Grooves 40 and 42 arc identical in shape and arc diametri- 
cally opposed to one another, while groove 44 is somewhat 
deeper. The purpose of grooves 40. 42 and 44 is described 
5 hereinafter. 

As seen in FIGS. 1, 2. 3. 5 and 6. mounted within the front 
end of and fixed to inner tube 20 is an objective lens unit 48. 
Details of the objective lens unit are not provided since such 
units are well known to persons skilled in the art. See. for 
exaii^)le. U.S. Pat Nos. 4.488.039: 4,491.865; 4.745.470; 
4.745.471: 4.S32.003: 4.867.137: and 5.122.650. However, 
it is to be appreciated that the objective lens unit may consist 
of one or more lenses. Inner tube 20 may be fitted with a 
separate transparent w^indow member (not shown) disposed 

55 at its front end in front of the objective lens unit, or the front 
element of the objective lens unit may serve as the window. 

Also disposed \\ithin inner tube 20 is a cylindrical video 
^Tnaging unit 50 (FIGS. 2. 3. 5. 6). Exact details of imaging 
device 50 are not illustrated since its form is not critical to 
the invention and instead it may take various forms, e.g.. it 
may be like the ones described and illustrated in U.S. Pat 
Nos. 4.448.039; 4.491.865; 4.867.137; and 5.166,787. Unit 
50 comprises a solid state CCD semi-conductor imaging 
devise (not shown), preferably one comprising a CCD chip 

^ as shown in U.S. Pat Nos. 4.756,470; 4.745.471; and 
5.021.888, mounted within a cylindrical housing 52 that is 
sized to T"a^^ a dose sliding fit in inner tube 20. As seen in 
FIGS. 5 and 6. the forward end of housing 52 is provided 
wife a cylindrical tubular extension 54 feat serves as an 

^ q>crtuxt for fee solid state imaging device. Also, alfeougb 
nc^ sbowxu it is to be understood that fee solid state CCD 
device has a lead frsmt or dup carria wife tenninal pins 
ad^>ted to mate wife a conventional connector (not shown) 
on fee end of a multi-strand wire cable (also not shown) feat 
extends rcarwardly in groove 44 of bushing 34 and is 
coi^led to dectrical cable 12, whereby fee imaging device 
is coupled to external dectronic circuits as hereinafter 
desdibed. 

^ Also mounted within imier tube 20 is a zoom lens unit 60 
(FIGS. 2. 3, 5 and 6). Details of fee zoom lens unit are not 
provided since its exact form is not critical to fee invention 
and also since such units are well known to persons skilled 
in fee ait of optics (see. for example. U.S. Pat Nos. 
4370,185 and 4,781.448). Zoom lens unit 60 may comprise 
one or more lenses, according to fee desired zoom range and 
im^e resolution. In fee preferred embodiment of fee 
invention, fee lens or lenses of zoom lens unit 60 are 
contained within a cylindrical housing 62 feat is sized to 

^ mflVg a dose sliding fit in inner tube 20. 

Separate means are provided for moving imaging device 
50 and zoom lens unit 60. such means taking fee form of 
dectricaUy powered drive means and motion transmitting 
means as shown in FIGS. 2-8. 

55 Hie motion transmitting means for imaging device 50 
coniQjrises a cylindrical drive rod 66 feat extends through 
bushing 34 and makes a dose sliding fit wife its two end 
sleeve bearings 36. Rod 66 has a lengfe suffident for its 
opposite ends to project from fee corresponding forward and 

60 rear ends of bushing 34 when fee rod is in bofe its distal 
(forward) and proximal (rear) limit positions which are 
described hereinafter. Video imaging unit 50 is attached to 
fee distal (front) end of rod 66 by a cylindrical coupling 
member 67 (FIGS. 3, 5, 6) feat is sized to make a dose 

65 sliding fit in inner tube 20. Coupling member 67 has a pair 
of forward^ extending, diametrically opposed arms 69 
(only one of w^cb is visible in FIGS. 5 and 6) feat have feeir 
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forward ends cocnectcd to the imagiDg unit, whereby the 
unaging unit will move with rod 66 when the latter is moved 
axially relative to inner tube 20. 

As seen in FIGS. 3. 7 and 8. the proximal (rear)end of rod 
66 is provided wiA a series of evenly spaced gear teeth 68. 5 
which permit rod 66 to function as a first gear rack. Gear 
teeth 68 extend over a relatively short length of rod 66 and 
icrniinate short of fte proxhml (rear) end of the rod. The 
portion of rod 66 that protrudes from the rear end of bushing 
34 extends through and is shdably mounted by a bushing 70 jq 
that is mounted in a portion 72 of frame 16. Mounted on rod 
66 between its proximate end and teeth 68 is a stop member 
74 which is positioned to be intercepted by portion 72 of 
frame 16 when the rod is moved forft^ard. Stop memba 74 
and frame portion 72 coact to determine a Jirst (fanx ard) 
limit position for rod 66 and imaging device 50, A second 
(rear) limit position for rod 66 and imaging device 50 is 
determined by engagement of the proximal (rear) end of 
imaging device housing 52 the forward end surface of 
bushing 34. 20 

The drive means for imaging device 50 comprises a 
reversible electrical d,c. motor 80 attached to frame 16, 
Motor 80 is identified hereinafter as the '*focus motor** since 
in the invention's automatic mode of operation its funcDon 
is to move imaging unit 50 so that the image-receiving 25 
surface of its CCD con^neni is located in the focal plane 
of zoom lens unit 60. The ou^ut shaft of motor 80 cames 
a pinion gear 84 that forms part of a gear system for drive 
rod 66. Gear 84 meshes with a second pim'on gear 86 affixed 
to a shaft 88 that is rotatably supported by portions 90 and 30 
9Z (HG. 7) of frame 16. Shaft 88 in turn carries a gear 94 
[ (FIG. 7) that meshes with teeth 68 on rod 66. whereby 
! rotation of diaft 88 by operation of motor 80 will cause 
j linear motion of shaft 66 and imaging device 50 in a 
direction detennined by the direction of movement of &e 35 
ou^ut shaft of that motor. 

I As sees in HGS. 2 and 4-8, the modon-transmitting 
: means for zoom lens unit 60 comprises two elongate fiat 
' rods lOOA and lOOB that are dzcd to snugly and slidab}>' fit 
in grooves 40 and 42 of bushing 34. Grooves 40 and 42 have 40 
a dqjth that assures ftat rods lOOA and lOOB will not 
protrude beyond the periphery of bushing 34. The front 
(distal) ends of rods lOOA. B are connected to housing 62 of 
the zoom lens unit It is to be noted that coupling member 
€7 has two diametrically opposed grooves 71 (only one is 45 
shown in FIG. 6) to slidably accommodate rods lOOA and 
lOOB within tube 20. Grooves 71 arc sized so as to make a 
dose sliding fit with rods lOOA. B and also so that rods lOOA 
and lOOB wili not protrude beyond the periphery of coupling 
member 67. The rear ends of rods lOOA* lOOB arc attached 50 
to a collar 101 that surrounds and makes a close sliding fit 
with rod 66. The proximal (rear) ends of rods lOOA. B also 
are provided witii a series of evenly spaced gear teefli 102 
OFIG. 7). 

The drive means for zoom unit 60 conaprises a reversible 55 
electrical d.c motor 106. Bc^ it and motor 80 are attached 
to framt 16 by a removable clan^ 82. Motor 106 is 
identified hereinafter as the "zoom motor". The output shaft 
of motor 106 cames a pinion gear 108 that meshes with a 
jmon gear HO that is mounted on and secured to a shaft 60 
112. The latter is rotatably mounted to mutually spaced 
portions 114, 116 of frame 16. Shaft 112 carries two axially 
spaced gears 120A and 120B that mesh with teeth 102 on 
rods lOOAand lOOB respectively, whereby rotation of shaft 
112 by operation of motor 106 will cause linear motion of 65 
rods lOOA and lOOB, and thereby zoom lens unit 60. 
lengthwise of inner tube 20 in a direction determined by the 
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dircctioD of roraiion of the output shaft of the motor. Axial 
movement of zoom lens unit 60 is limited by two separate 
Slop means. The forward limit position is determined by 
engagement of collar 101 with v^'O stop pins 103 af&xed to 
5 frame 16. The rear limit position is determined by engage- 
ment of collar 101 with frame portion 72. The two 
mechanicaDy-determined limit positions are set so as to 
permit the zoom lens unit a suitable total travel distance 
therebetween. 

jQ Referring now to FIG. 13. the housings of focus motor 80 
and zoom motor 106 include position-sensing encoders 
represented schematically at 120 and 122 that are coupled to 
the output shafts of the motors and arc designed to provide 
pulse-tx-pe signal outputs that are polarized plus or minus 

j5 according to the direction of movement of the ou^ut shafts 
of motors 80 and 106 respectively. Shaft encoders 120 and 
122 may take various forms but preferably they are incre- 
mental digital encoders. Because incremental position- 
sensing shaft-coupled encoden are well known, details of 
construction of the encoden are not provided herein. 

FIG. 12 diagraramatically illustrates an electronic console 
130 to which" the endoscope is coupled. Essentially the 
console con^srises a light source 134 for the endoscope, an 
electronic controller con^rising a digital computer 138 

25 (which includes a miaoprocessor and assodated memory, 
control and input and output circuits), a display module 140 
that includes a CRT display device (FIG. 20) whereby tiie 
surgeon or other user may monitor &e images seen by the 
endoscope, an electronic mcmor>» device 142. prefcxably but 

30 not necessarily in the form of an E-prona. that serves as a 
zoom/focus lookup table as hereinafter described, and a 
power supply 132 for the solid stale imaging unit 50. motors 
80 and 106. and the electronic controller. Power supply 132. 
light source 134. computer 138. display module 140 and 

35 E-prom 142 arc interconnected as represented schematically 
in FIG. 12 so as to permit Ae mode of operation described 
hcrcinaftct Although not shown, it is to be understood that 
power supply 132 includes a manually operated main power 
switch (not shown) which is used to turn the instrument **on** 

40 and **ofr. 

Optical fiber cable 10 is coupled to console 130 so as to 
be able to transnait light from light source 134 to light fibers 
28. whcrdjy when that light source is energized by operation 
of the controller, the resulting light beam will illuminate the 

45 objective fidd of view. Multi-wire cable 12 is connected at 
its outer end to power supply 132 and computer 138: at its 
inner end cable 12 has certain of its wires coupled by a 
connector (not shown) to terminals of the CCD chip of 
imaging device 50 and otiiers of its wires connected to 

50 motors 80 and 106 and the control switches assodated with 
buttons 8A-8D. 

Referring again to FIG. 13. the switch buttons 8A and 8B 
form part of two focus control switches 144A and 144B. 
while switch buttons 8C and 8D form part of two zoom 

55 control switdics 144C and 144D. Preferably, a second like 
set of foot-cperated switdics (not shown), are added in 
paialld witii switches 144A-D so as to give the surgeon the 
option of controlling maneuvering of imaging device 50 and 
zoom lens unit 60 using one of his feet rather than one of his 

60 hands. As explained further hereinafter, operating switch 
144A wili energize focus motor 80 so as to cause the 
imag in g dcvicc to move forward toward the distal end of 
inner tube 20. while operating switch button 144B will 
energize focus motor 80 so as to cause reverse movement of 

65 the ima^g device. Similarly, operating switch button 144C 
wiD energize motor 106 so as to cause the zoom lens unit to 
move forward toward the distal end of inner tube 20, while 



operating switch 144D will energize motor 106 so as to 
cause reverse movement of Ac zoom lens unit. Mo\ing the 
zoom lens unit foru'ard causes the field of view seen by the 
imapng device to narrow while moving the zoom lens unit 
rearward causes the field of view to widen. It is prefcired 5 
that ftc zoom lens unit be designed to "zoom*' bet\^'een a 
field of view of about 20 degrees to one of about 70 degrees. 

Conq>uter 138 is configured by its software jrocram 10 
provide an object distance counter 160. a focus/CCD posi- 
tion counter 162. and a zoom position counter 164. The 
con^)uter is arranged to provide a control signal to a focus 
motor drive circuit 166 that preferably forms part of the 
controller 130. Switdies 144A and 144B are connected to a 
focus switch input circuit represented schematically at 168 
that provides an input to object distance counter 160. while 
switches 144C and 144D are connected to a zoom switch 
input circuit 170 that provides control signals to 2 zoom 
motor drive circuit 172. 

Counters 162 and 164 provide outputs that permit com- 
puter 138 to determine the extent of rotation of the ouq>ut 
shafts of motors 80 and 106 from pre-selected positions 20 
which are stored in E-prom 142. >^-hereby at any given time 
fee counts in the counters represent the exact positions of 
imaging device 50 and zoom lens unit 60 (in relation to the 
prc^selccied reference positions along the axis of tube 20). 
As illustrated in FIG. 14. the computer is configured so that 25 
(1) &e outputs from object distance counter 160 and zoom 
positicMi counter 164 arc applied to E-prom 142 to obtain a 
posid<Mi data output signal according to those counter out- 
puts and (2) the output signal obtained from E-prom 142 and 
flic aatput of focus/CCD position counter 162 arc applied to ^ 
a coiq)aratO!r or adder 174 (csublishcd by cornputcr 
progiimmingL). with the ou^ut of tiie coi]:q)arator bdng an 
cnor signal Hist is supplied to focus motor drive 166. 

HG. 15 relates to tixe kind of data that constitutes the 
zoomtfocus looki^ in table E-prom 142. In FIG. 15. each of 35 
fee curves A-E is a plot of different positions of <1 ) the zoom 
lens in relation to the objective lens (''Zoom'^ versus (2) the 
corresponding distances between the CCD imaging device 
and the objective lens unit CTocus'') that is required to 
assure tfiat Ac image-receiving surface of the imaging 40 
device is in fee focal plane of fee zoom lens unit Each of tiic 
curves A-E is for different object distances. As used herein, 
the tenn "object distance" means the distance measured 
from the objective lens to the viewed object By way of 
exan^dc, the viewed object may be a human organ or other 45 
surgical site. Also by way of example but not limitation, the 
carves A. B. C D and E may represent objea distances of 
50. 75, 100. 125 and 150 mm. respectively. Curves A-E are 
mcrdy for illustration and are not intended to constitute 
representations of actual data stored in E-proms 142. ^ 
However, specific data constituting the relative positions of 
&c CCD imaging unit ("Focus") and the zoom lens unit 
("Zoom") required to adiievc correct image focusing on the 
CCD imaging unit for different object distances are stored in 
E-prom 142 and arc accessed by the computer during 5* 
execution of the program illustrated in FIGS. 17-20. 

Hie data constituting the focus/zoom lookup table stored 
in E-prom 142 are pre-calculated according to the specific 
parameters of the lenses embodied in objective lens unit 48 
and zoom unit 60. with such pre-calculation involving ray 6C 
tracing and computer computation. No atten^t is made 
herein to present specific data stored in the E-prom lookup 
table, since such data will vary with lens parameters and also 
since the procedure for deriving that data is well-known to 
persons skilled in the art 6.' 

FIGS, 16-19 arc flow diarts illustrating some of the 
software program for computer 138. Some or all Of tiie 
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software program and the lookup table ixiay be permanently 
installed via firmware, or may be loaded into the con^uter 
from an external storage medium at the time of use. In either 
case, the program is designed so that after power has been 

5 applied to &e system, the operator can cause the computer 
to automatically execute an initializing *Yeset** routine that 
results in motors 80 and 106 shifting imaging device 50 and 
zoom unit 60 to predetermined positions intermediate their 
mechanical limits, those predetermined positions being such 
that Ae image of a viewed object will be in focus on the 
image-receiving surface of the* CCD imaging device when 
the &ont end of Ac endoscope is positioned to provide an 
object distance value of V mm. "n" being an arbitrary 
value selected for the initializing routine. 

15 Operation of the endoscope is described hereinafter with 
reference to FIGS. 13-19. The control console is provided 
with a button-t>'pe reset switch (not shoA^'n) that is depressed 
by the physician or other user after the power has been 
turned on. thereby causing the computer to execute the 

20 aforementioned reset routine which is illustrated in FIGS, 18 
and 19. That reset routine first involves operation of motors 
80 and 106 so as to drive imaging device 50 and zoom unit 
60 in an "UP** (forft'ard) direction until their forward 
mechanical limits arc reached, whereupon the mechanical 

25 load on the ou^ut shafts of the motors causes those shafts, 
and hence the corresponding encoders 122 and 124. to stop. 
Stopping of encoders 122 and 124 causes computer 138 to 
turn off motoK 80 and 106 if no pulses have been generated 
by bo& encoders for 0.5 milliseconds C'ms''). 

30 As soon as bofe motors have been turned off, the com- 
puta (1) resets counters 162 and 164 to zero. (2) sets object 
distance counter 160 to a predctcnnincd count "n" rq>rc- 
senting tiie desired initial object distance, and (3) actuates 
zoom motor 106 and causes it to move tiie zoom lens unit 

35 "Down** (rcarwardly) to a predetermined start-up or reset 
positi<Mi inicnnediatc its distal and proximal mechanical 
limit positions. That start-up position is determined when tiie 
count in counter 164 equals a predetermined **start-up value** 
(sec FIG. 18) accessed by the computer as part of the reset 

40 routine. Then motor 106 is turned off and the computer 
actuates focus motor 80 and causes it to move imaging 
device 50 in a "Down" (rearward) direction to a predeter- 
mined start-up position, the arrival at that start-up position 
being dctcnnincd when the count in focus (CCD) position 

45 counter 162 as presented to comparator 174 matches a 
predetermined start-up value accessed from the E^prom 142 
by the computer as part of the reset routine. At this points, 
the counts in counter 162 and 164 are start-up counts, 
whereby at any given time the control system can determine 

50 new dxanged positions of imaging device 50 and zoom lens 
unit 60 by determining how much the current counts in those 
counters differ from the start-up counts. 

At this point, a focus motor servo control loop(FIG. 19) 
is activated, which control loop p-ovides the foDowing 

55 Operation. As the imaging device 50 is moved in a **Down" 
direction to its predetermined start-up position, encoder 120 
will generate pulses that are accumulated in counter 162. 
The output of object distance counter 160. preset by the 
con^>utcr to &e predetermined start-up value "n" and tfie 

60 ouQ>ut of zoom motor position counter 164. are applied to 
E-prom 142 to obtain an output from the zoom/focus lookup 
table that has a value representing ttic desired imaging 
device position. The output from E-prom 142 (rqjresenting 
the desired CCD position) and the output of CCD position 

65 counter 162 (representing the actual CCD position) are 
applied to con^iarator 174. Depending on whetfier the actual 
CCD position represented by the output of counter 162 is 
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^TJp" or •'Down'* rdauvc to the desired CCD position 
represented by the output of E-prom 142. the error signal 
produced by comparator 174 will be positive (+) or n^ative 
(-). If it is positive, and if the actual CCD position is below 
a predetermined upper limit value (the latter value is stored 5 
in tfie computer memoffyO* ^ocus motor 80 will be caused to 
move the imaging device in an "Up** direction. If the error 
signal is negative and the actual imaging device position is 
; above a predetennined lower limit value stored in the 
j computer memor>\ the focus motor wiD be caused to move jq 
j the imaging device in a "Down'' direction. In either case, the 
I count of focus position counter output 162 will diange and 
! consequently the error signal from comparator 174 will 
j diange in value toward zero. At zero error signal value, the 

zoom motor will stop. Although not necessar)'. it is preferred ^ ^ 
; for reasons of stabilit}- and accuracy, to program the focus 
! servo control loop to periodically make a comparison in 
con^>arator 174. preferably ever>* 20 microseconds as indi- 
cated in EEC 19. This involves clearing the conqDaraior 
(adder) at the start of each new comparison operation, as ,0 
noted in FIG. 19. 

At this point, if the distance between the endoscope and 
the viewed object ("object distance") is at the value for 
which the imaging device and the zoom unit arc preset as a 
. result 8f the reset routine, the image that is displayed by 25 
display device 140 will be in focus. Subsequently.' if tht 
object distance changes. c.g.. as a result of the endoscope 
bdng moved, or the surgeon's point of interest is changed, 
i the displayed image may go out of focus. In such event, Ac 
\ surgeon can reacquire a shaip focus by operating one or the 30 
other of buttons 8A and 8B. The resulting operation will 
cause counter 160 to be either increased cr deo-cased by 
{ ciodad pulses while switch 8A or 8B respectively is 
depressed. TTiis changed value in counter 160 is applied 10 
i the zoom^ocQs lookup table, resulting in anew ou^ut value 35 
j being transferred from the lookup table to comparator 174. 

The result is a change in the error signal output from 
\ comparator 174, which in turn is utilized by the servo 
control system to further operate motor 80 until the adjusted 
CCD position as measured by counter 162 again results in a 40 
zero eiror signal 

Once sharp focusing has been achieved, the image will 
remain in focus on the image-receiving surface of the CCD 
im a gin g device even though the operator utilizes buttons 8C 
or 8D to operate the zoom motor so as to zoom up or down 45 
with regard to the object being viewed. As seen in FIG. 17. 
the zoom motor encoder 122 tracks zoom motor position, 
and the outpat of the zoom motor encoder is used to drive 
&c E-prom to a new ou^ut value. The new value obtained 
from E-prom 142 is compared vnth the signal ouqxit of 50 
counter 162 to modify the ecror signal That error signal is 
then utilized in the servo-control loop to cause the focus 
motor to operate in a direction and for a duration sufBcient 
to locate the CCD imaging device at a position which 
assures that sharp focusing of the image is achieved despite 55 
the dxange in field of view caused by zooming up cr down. 

£ is to be appreciated that when its main power sv^itch 
(not shown) is turned on and/or the reset switch is acmatcd. 
&e control system described above wdil automatically scl the 
imaging device 50 and the zoom lens unit to a preselected 60 
position ^ch provides a predetermined field of view with 
sharp focusing at the CCD device of the image seen by the 
objective lens. Thereafter, die operator has the advantage 
that by depressing either of the buttons 8C and 8D. fee field 
of view may be dianged without changing the objea dis- 65 
tancc between the objective lens and the object being 
viewed Additionally, if the need arises to diange the posi- 
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lion of the endoscope so as to change the object distance, the 
oporator has the option of utilizing buttons 8A and 8B to 
refocus the image, and also the option of utilizing buttons 8C 
and 8D to change the field of view without again having to 
5 utilize the buttons 8A and 8B to change the position of the 
imaging device in a direction to restore or maintain a sharp 
image for viewing on displaying device 140. 

FIG. 20 generally illustrates in diagrammatic form a 
system for providing an electronically generated display of 
10 the optical image that is passed by the objective lens unit 48 
and zoom lens utdi 60 lo imaging device 50. An endoscope 
video signal derived from imaging device 50 is processed by 
conventional video circuits identified generally at 200 to 
provide signals that are applied to a TV monitor 204 so as 
35 to cause the latter to reproduce as a TV image the optical 
unzge seen by the endoscope's objective lens unit The 
video circuits 200 and the circuits hereinafter described are 
prefaably embodied in display module 140 (FIG. 12). The 
signal processing video circuits msy take various forms 
20 known to persons skilled in the art and do cot constitute part 
of the present invention. SufBce it to say that the optical 
image is reproduced with a magnification and field of view 
determined by the position of the zoom lens unit and a 
focusing accuracy determined by the position of imaging 
25 device 50 along the endoscope's cpncai axis. 

TtaiiBg now to FIGS. 21 to 28, the present invention 
involves provision of means for generating video image 
marbcrs ("indicators'*) feat provide the surgeon with an 
indication of the instantaneous zoom and focus settings as 
' 30 well as tbc maximum and minimum zoom and focus set- 
tings. WhcB focus control button 8A cr 8B is operated, two 
vertically spaced rectangles are created on the TV monitor 
screezu one rc^senting the instantaneous setting of the 
ima^ng device (focus display) and the other representing 
35 instantaneous setting of the zoom lens unit (zoom 
di^layX The ssmt maikers are displayed if dthca* of the 
zoom control buttons 8C and 8D are depressed. For 
convenience, feese rectangular markers representing instan- 
taneous settings are identified as ^ar-graph displays'" in 
40 recognition of fee fact tiiat they move horizontally in syn- 
I chronism with movement of the imaging device and the 
i zoom lens unit so that their horizontal positions provide an 
indication of the instantaneous positions of the imaging 
device and the zoom lens unit Additionally, as the imaging 
45 device and &e zoom lens unit approach dther of feeir end 
limits of travcL i.e. their maximum cr minimum limits, fee 
display control system additionally generates a limit position 
markex in the form of an additional rectangular display The 
instantaneous rectangular position display markers are dis- 
50 played only when one of the control buttons 8A-8D is 
operated and for a brief period after the button has been 
released, and a ixiaximum or minimum limit miarker is 
generated only as the imaging device or the zoom lens unit 
as ±c case may be. approaches its maximum or minimum 
55 limit position respectively The maximum and minimum 
limit maikers are extinguished at the same time as the 
instantaneous position markers. 

As represented in FIG. 21. the system for generating and 
controlling the position and limit marker displays comprises 
: 60 a video sync stripper circuit 206 which recovers or develops 
; from the endoscope video signal ou^ut of imaging device 
i 50 a vertical sync signal (V-Sync), a horizontal sync signal 
(H-Sync), and also a dock signal identified hereinafter as a 
**pixd dodc**. Those signals are applied as input signals to 
65 marker display control circuits, identified generally by 
numieral 210 which indude inter alia, a pixel counter 212. a 
line counter 214. and pixel and line comparators 216 and 
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218, Also supplied as inputs to the marker display control 
circuits are operator-controlled zoom and object distance 
signals. The zoom and object distance signals are the ou^uts 
of the zoom position counter 164 and object distance counter 
160 shown in FIG. 13. The output from counter 164 is the 5 
zoom magniiication setting in the form of a digital value 
while the ougjut from object distance counter 164 is the 
object distance setting in the form of a digital value. Addi- 
tional inputs to the marker display control circuits are tv^^o 
zoom-rdated signals identified as 'Minimum Zoom" and K 
'•Maximum Zoom*", two object distance-related signals iden- 
tified as "Minimum Object Distance** and "Maximum 
Object Distance**, and a "Control Button" signal that is 
generated whenever any one of the control buttons 8A-8D 
is depressed, i5 

FIGS. 22 and 23 iDustraie how the minimum and maxi- 
mum zoom and object distance signals are generated In 
FIG. 22. the signal output from zoom position counter 164 
is applied to two comparators 224 and 228, Rredetermined 
maximum and minimum reference value signals are applied 20 
as second inputs to comparators 224 and 228 respectively. 
When the count from zoom position counter 164 equals the 
predetermined minimum reference value, comparator 224 
will produce the "Minimum Zoom** signal. A "Maximum 
Zoom" signal is generated whenever the zoom count from ^5 
counter 164 equals the predetermined maximum reference 
value. 

FIG. 23 shows a similar circuit airangement for generat- 
ing the •Minimum Object Distance" and 'Maximum Object 
Distance" signals, with the object distance signal ix^ut to ^ 
cozx^>aratQrs 232 and 234 constituting the output &om object 
distance counter 160 (FIG. 13). and &e second input to those 
con9>aratO!r5 comprising predetermined minimum and maxi- 
mmn reference \^ucs. 

35 

Itonng now to FIGS. 24 and 25. The V-Sync and H-Sync 
signals are applied as iiiputs to raster line counter 214. &e 
H*Sync and pixel dock signals are applied as inputs to pixel 
counter 212. and the V-Sync signal and &c control button 
signal are applied as inputs to a frame counter 238. The line ^ 
counter 214 counts H-Sync pulses and is initialized to zero 
by the V-Sync signals. The pixel counter 212 counts Pixel 
Qock pules and is initialized to zero by the H-sync. The 
: frame counta 238 is initialized to zero by pressing any of 
the control buttons 8A-8D and counts V-Sync pulses after 
tbt pressed control button is released. 

The ou5)Ut of line counter 214 is ^lied as an input to 
two separate line comparators 218A and 218B. Comparator 
218A is adapted to produce an "Enable Focus Display" 
signal whenever the line count is equal to 32 or 40 or is at 50 
an in-between value. Comparator 218B is ad^ted to pro- 
duce an **Enable Zoom Display" signal whenever &e line 
count is equal to 232 or 240 or is at an in-between value. 
Both the zoom and focus indicators (markers) are displayed 
when any control button is pressed. Additionally, the system 55 
is arranged so that the markers continue to be displayed for 
one second after the depressed control button is released 
The latter action is achieved by means of frame counter 238. 
the latter being ad^ted to count frames (Le.. V-Sync pulses), 
for the duration of one second. In this connection it is to be ^ 
understood that preferably fee V-Sync pulses are generated 
at a 60 cyde rate, and that frame counter 238 is arranged so 
as to generate an output signal when it has counted 60 
V-Sync pulses. The resulting ou^ut signal is identified as 
fee **Enable Display For One Second" signal ^5 

Hie output of pixel counter 212 is ^lied to three 
different conq>aratcrs 216A. 216B. and 216C. Comparator 
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216A produces an "Enable Minimum Di^lay** signal when 
the pixel counter has a count between 50 and 56: comparator 
2l€B produces an **Enablc Maximum Display" signal when 
the pixel count has a count between and including 142 to 
5 148. and comparator 21 6C generates an **Enablc Bar-Graph 
Display** signal whenever the pixel counter has a count in 
the range of 5S-140. 

FIG. 26 illustrates how the system also is designed to 
produce two control signals identified as "Enable Focus 
10 Indicator Display** and "Enable Zoom Indicator Display**. 
The means for producing these control signals comprises a 
bar-graph pixel counter 250. two comparators 252 and 254. 
and a multiplexer 256. The bar-graph pixel counter 250 is 
clocked by the pixel clock pulses derived from the endo- 
ws scope video signal Predetermined initial minimum values 
for zoom and focus are applied sequentially to the bar-graph 
pixel counta according to the line count This is accom- 
plished by applying predetermined object distance minimum 
value signals and zoom minimum value signals inputs to 
20 multiplexer 256. with the latter being controDed by appli- 
cation of the "Enable Focus Display** signal and the ''Enable 
Zoom Display** signal produced by line comparators 21SA 
and 218B. respectively. When the line counter has a value in 
the range of 32-*0. multiplexer 256 is switched by the 
25 **Enabic Focus Display** signal so as to pass the predeter- 
mined object distance minimum value signal to bar-gr^h 
pixel counter 250, thereby causing the latter to be preset to 
the mininniTn object distance value. When the line count is 
232-240. multiplexer 256 is switched by the •^Enable Zoom 
^ Display* signal so as to pass the prcdttcnnined zoom initial 
mfnimim) value signal to counter 250 so as to preset the 
counter to that mimTmim value. 

Con^jaxators 252 and 254 also receive the outputs of 
object distance counter 160 and zoom position counter 164. 
When cu^xit from object distance counter 160 matches 
ttic output of bar-gr^h pixel counter 250. coii^>arator 252 
s win produce fee "Enable Focus Indicator Display** signal 
The ^'Enable Zoom Indicator Display** signal is generated 
when ifae signal from zoom counter 164 matches the value 
^ of fee ou^ of bar-graph pixd counter 250. 

As shown in FIGS. 27A to 27F, fee invention further 
con^iriscs six "AND** gate ouQ)ut circuits that cause the 
several indicators (markers) to be displayed on the monitor 
screen. For this preferred embodiment each output AND 
gate circuit generates an 'Insert Video White** signal that is 
applied to video monitor 204 so as to cause the latter to 
display a white marknr on its screen. 
FIGS. 27A and 27B show AND gate circuits for causing 
50 the focus and zoom position markers to be generated. In 
FIG. 27A, AND gate 260 generates an *lnsert Video White** 
signal for producing the focus position marker in response to 
the 'Enable Focus Display*** *Thc Enable Bar Graph Dis- 
play** and ttxc '^Enable Focus Indicator Display** signal; also, 
55 in response to the •'Enable Display For One Second** signal 
it maintains that insert video white signal for an additional 
second after the focus control button that was depressed has 
been released. In FIG. 27B. the AND gate 264 generates an 
'Insert Video White** signal in response to the "Enable 
^ Zoom Display**, '*Enablc Bar Graph Display" and the 
"Enable Zoom Indicator Display** signal and again, in 
response to ttie '"Enable Display For One Second** signal it 
also maintains that insert white signal for an additional 
second after the dqaressed zoom button has been released. 
65 The two AND gate units of HGS. 27C and 27D are 
similar to those of FIGS. 27A and 27B, except that with 
AND gate 266 the "Enable Maximum Display**. "Enable 
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Focus Display** and ibe **Maxiniuro Object Disuncc** signals 
arc used as inputs to the gate so as to cause the lancr to 
produce an *lrien Video White" signal to generate a maxi- 
mum focus limit marker, and with gate 268 the "Enable 
Minimum Display**. '*Enable Focus Display** and the **Mini- * 
mum Object Distance** signals are used as inputs to the gate 
to generate an *lnsert Video White** signal that produces the 
minimum focus limit marker. The "Enable Display For One 
Second** signal maintains the gate output for an additional 
second after the depressed focus button has been released- 
The AND gates 270 and 272 of HGS- 27E and 27F are 
similar except that the ^'Enable Maximum Display**. "Enable 
Zoom Display** and "Maximum Zoom** signals are used to 
cause gate 270 to jM-oduce an "Insen "^Tiite Video** signal 
output to cause the monitor to display the minimum zoom 
liniit marka. In FIG. 27F. the **Enable Minimum Display**. 
'^Enable Zoom Display** and *?vlinimum Zoom** signals are 
used to cause gate 272 to produce an *lnsert White Mdeo" 
signal output to cause the monitor to display the minimum 
zoom limit marker. The "Enable Display For One Second** 
signal maintains the ou^ut of gate 272 for an additional 
second after the depressed zoom button has been released. 

FIG. 28 illustrates the position and limit marker displays 
provided by tiiis invention. The rectangle 276 represents the 
border of the endoscope image display on the TV monitor 
screen. For convenience of illustration, no endoscope image 
is presented in HG. 28, but it is to be understood that the 
markers hereinafter described are superimposed on the dis- 
played endoscope image. 

The rdativdy large rectangle 280A represents the mini- 30 
mum end limit for &e object distance (focus) parameter. 
, wbUt the smaller rectangle 282 represents the instantaneous 
I bar-graph value of object distance parametcL The minimum 
; focus limit marker 280A sppeais only when the object 
! distance value represented by marker 282 approaches a 35 
i predetenziined TninitwiTm value. In practice, the circuits are 
I set so that the instantaneous position markers and the limit 
; markers ncva overlap. Instead it is preferred that each limit 
' marker be generated so that it is spaced approximately Va 
indi from the corresponding instantaneous position maika 40 
when the latter has reached the limit of its travel. When the 
CCD imaging device is backed away from the object lens, 
the rectangle 282 moves to the right on the TV display to 
indicate a larger object distance value. As the rectangle 282 
moves to ttie right the larger end limit rectangular marker 45 
280A will disappear. When the object distance value repre- 
sented by rectangular marker 282 approaches its other 
(maximum) end limit, anoflier large rectangle (shown in 
phantom at 280B) similar to rectangle 280A will spptar at 
fee ri^t hand end of the image window 276. 50 

The relatively lai^ge and relatively small rectangular mark- 
ers 286A and 2SS in FIG. 28 represent the maximum zoom 
position limit and the instantaneous zoom positions respec- 
tively. The marker 288 moves to the left as the zoom lens 
unit is moved forwardly in the endoscope. The larga end 55 
limit marker 286 A appears only when marker 288 
^proaches the maximum end limit for the zoom lens unit, 
and disappears when marker 288 moves away from that 
markers end limit Another minimum end limit marker 286B 
is displayed at the left hand side of the TV monitor screen 60 
when the instantaneous zoom position marker approadies 
tiie Tnintmnm (forwsrd) cnd limit for the zoom lens unit 

The marker display c^ability provided by the present 
invention is advantageous to the operator in providing 
feedback as to the parameters of the zoom lens unit and fee 65 
imag^g device in relation to feeir maximum and minimum 
end limits. 
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The invention also offers the advantage that it is suscqv 
lible (rf various modifications. Thus, the shape of the mark- 
ers is not limited to rectangles, and instead other shaped 
markers may be used Also the marker display circuits can 
5 be modified so as to increase or deaease the length of time 
the markers are displayed and also to change the vertical 
positions of fee markers on the TV monitor screen. Different 
forms of imaging devices also may be used. For exaii^)lc, 
the imaging con^)onent of the invention may utilize a BBD 
jQ semiconductor imaging device rather than a CCD solid state 
element as suggested by U.S. Pat. Ko. 4.488.039. Similarly, 
the number of lenses in the objective lens unit and also in the 
zoom lens unit may be changed without affecting operation 
of tiic invention. 
15 O&er possible modifications and advantages of the inven- 
tion will be obvious to persons skilled in the art 

^liat is daimed is: 

1. An endoscope apparatus comprising: 

a handle assembly; 
20 a tube having a distal end and a proximal end. said tube 
0>eing mounted within said outer tube an^ having its 
proximal end anchored to said handle assembly; 

an objective lens unit mounted in the distal end of said 
tube; 

^ a shaft having a distal end and a proximal end, said shaft 
being disposed within and movable along the axis of 
said tube; 

a solid state imaging device disposed within said tube and 
attached to said distal end of said shaft so as to be 
3^ movable tfaerewidi along the axis of said tube, said 
imaging dcvicc having 3L^ light receiving surface for 
receiving an image transnaitted by said objective lens 
unit and being capable of generating an ou^ut signal 
rqjrescntativc of the image transmitted by said objcc- 
live lens unit; 

a zoom less unit disposed witiiin said tube between said 
objective lens unit and said imaging device for trans- 
mitting images seen by said objective lens unit to said 
imaging device, said zoom lens unit being moveable 
^ along die axis of said tube relative to said objective lens 
unit so as to cause the magnification of Iht image 
passed by said objective lens unit to be changed in 
accordance with the axial position of said zoom lens 
unit in relation to said objective lens unit; 
first and second drive means attached to said handle 
assembly; 

a first motion-transmitting means coupling said first drive 
means to said shafL whereby operation of said first 
drive means will cause axial movement of said imaging 
device relative to said objective lens unit; 

a second motion-transmitting means coupling said second 
drive means to said zoom lens unit whereby operation 
of said second drive means will cause axial movement 
53 of said zoom lens unit relative to said objective lens 
unit and said zoom lens unit; 

control means for operating said first and second drive 
means; 

display means responsive to said imaging device output 
60 signal for generating a video reproduction of the image 
passed by said objective lens unit; and 
dectronic means responsive to said iniaging device output 
signal for causing said display means to generate a 
video image representative of the position of at least 
65 said zoom lens unit or said imaging device. 

2. Apparatus according to claim 1 wherein said electronic 
means is adiqyted to cause said display means to generate a 
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video image rq)rescDtative of the positions of boch said 
zoom lens unit and said imaging de\'icc. 

3. Apparatus according to claim 1 wherein said zoom lens 
unit is movable bet^'een a first minimum position and a 
second TnaTimnni position* and said electronic means is 
adapted to cause said display means to generate a first image 
representative of said minimum position of said zoom lens 
unit and a second image representative of said maximum 
position of said zoom lens unit 

4. Apparatus according to claim 3 whaein said electronic 
means is adapted to cause said display means to generate an 
additional image representative of the instantaneous position 
of said zoom lens unit 

5. i^paratus according to claim 1 wherein said imaging 
device is movable between a first minimum position and a 
second maximum position, and said electronic means is 
adapted to cause said display means to generate a first image 
representative of said minimum position of said imaging 
device and a second image representative of said maximum 
position of said imaging device. 

6. Apparatus according to claim 5 wherein said electronic 20 
means is adapted to cause said display means to generate an 
additional image representative of the instantaneous position 

of said imaging device. 

7. An endoscope apparatus con^jrising: 

a handle assembly; 25 
an outer tube havii^ a distal end and proximal end. with 

said proximal end anchored to said handle assembly; 
an inner tube having a distal end and a proximal end. said 

inner tube being mounted within said outer tube and 

having its proximal end andicn^ to said handle assem- ^ 

bly; 

an objective lens unit mounted in the distal end of said 
inner tube; 

a shaft having a distal end and a proximal end. said shaft 
being disposed within and movable along &e axis of 
said inner tube; 

a solid state imaging device disposed within said inner 
tube and attached to said distal end of said shaft so as 
to be movable therewith along the axis of said inner 
tube, said imaging device having a light-receiving 
surface ^ lecervdng an image transmitted by said 
objective lens unit and being capable of generating an 
ou^ut signal representative of the image transmitted by 
said objective lens unit; 

a zoom lens unit disposed within said iimer tube between 
said objective lens unit and said imaging device, said 
zoom lens unit being moveable along the axis of said 
ixmcr tube relative to said objective lens unit so as to 
cause the mtagnification of the image passed by said 
objective lens unit to be dianged in accordance with the 
axial position of said zoom lens unit in relation to said 
objective lens imit; 

firs^ and second drive means attached to said handle 
assembly; 55 

a first motion-transmitting means coupling said first drive 

m^TB to said shaft whereby operation of said first drive 
means will cause axial movement of said imaging 
device relative to said objective lens unit: 

a second motion-transmitting means coupling said second 60 
drive means to said zoom lens unit whereby operation 
d said second drive means will cause axial movement 
of said zoom lens unit relative to said objective lens 
unit and said zoom lens unit; 

a space between said outa and inner tubes^ 65 

light transmitting means in said 
space iqj. |]ransmit- 

ting light to illuminate an object viewed by said objec- 
tive lens unit; 
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means attached to said handle assembly for conQecting 
said proxima] end of said light transmitting means to a 
light source; 

control means for operating said first and second drive 
5 means; 

display means responsive to said imaging device output 

signal for generating a video reproduction of the image 

passed by said objective lens unit: and 

electronic jneans responsive to said imaging device output signal for 

10 causing said display means to generate a video image 
rqjrescntativc of the position of at least said zoom lens 
unit or said imaging device. 

Apparatus according to daim 7 wherein said objective 
lens unit and said zoom lens unit have a common optical 

15 r 

9. .^Tparatus according to claim 7tfurthcr including light- 

txansmitting means disposed in said space between said 
inner and outer nibcjT} where in said light-transmitting means ^avin^ has 
a distal end and a proximal end with said distal end tcrmi- 
^ nating at the distal end of said outer tube. 

10. Apparams according to claim 7 wherein said first and 
second dtivc means comprise first and second reversible 
electrical motors respectively. 

11. Apparatus according to daim 10 further including 
^ user-opcrsblc switch means earned by said handle assembly 

for selectively operating said first and second dectrical 
motors, 

12. Apparams according to claim 7 further comprising 
means for sensing the extent and direction of movement of 

^ said zoom lens unit and said imaging device relative to said 
objective lens unit and for producing oatpux signals indica- 
tive of tiie extent and direction of said movement and means 
for coupling said output s^nals to sad control means for use in 
comzoUittg the rdmvc posmons of said 2>cK>m lens unit and 
said imaging device so that said imaging device is posi- 
tioned at &e focal plane of said zoom lens unit, whacby tiic 
image seen by said objective lens and prelected by said 
zoom lens unit is in focus at the image-xecdving surface of 
said imaging device. 

13. Apparams according to claim 7 further comprising 
first and second means for sensing &e extent and direction 
of movement of said zoom lens unit and said imaging device 
respectivdy relative to said objective lens unit and for 
producing first and second ouipm signals respectivdy 
indicative of the extent and direction of movement of said 
zoom iens unit and said imaging device respectively, and 
means for coupling said ou^ut signals to said control means 
for use in controlling the relative positions of said zoom lens 
unit and said imaging device so that ai each position of said 
zoom lens unit said imaging device is positioned at the focal 
plane of said zoom lens unit, whereby the image seen by said 
objective lens and projected by said zoom lens unit is in 
focus at the imagc-recdving surface of said imaging device. 

14. An endoscope ^paratus comprising: 

an inner tube having a distal end and a proxima] end: an 
outer tube surrcHinding said inner tube; 

a solid state imaging device mounted within and movable 
along said ianci tube; 

an objective lens unit mounted within and fixed to the 
50 distal end of said inner mbe; 

a zoom lens unit mounted within and movable along said 
inner mbe; said zoom lens unit bdng disposed between 
said objective lens unit and said imaging device; 

a plurality of light-transmitting fibers disposed between 
65 said inner and outer tubes, said fibers extending sub- 
stantially to the distai end of said inner tube so that light 
transmitted hereby will illuminate the objective fidd; 
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iirst bi-directional electromechanical means for moving 
said zoom lens unit along said inner tube toward or 
away from said objective lens unit said first electro- 
mechanical means comprising a first reversible electri- 
cal motor having an ou^ut shaft and first gear means ^ 
coupling said ou^ut shaft to said zoom lens unit, 
whereby ener^zation of said first motor will cause 
movement of said zoom lens unit along said inner tube 
according to the mode of energization of said motor, 
and 

second bidirectional dectromechanical means for moving lO 
said imaging device along said inner tube toward or 
away from said objective lens unit and said zoom lens 
unit, said second electromechanical means con9}rising 
a second reversible dectricai motor having an ouq^ut 
shaft and second gear means coupling the ouq)Ut shaft 
of said second dectricai motor to said imaging device, 
whereby energization of said second motor will cause 
movement of said imaging device along said inner tube 
according to the mode of energization of said second 
motor? 



a solid state hn^png device disposed within said tube and 
attached to sidd distal end of said shaft so as to be 
movable therewith along the axis of said tube, said 
imaging device having a light receiving surface for 
receiving an image transmitted by said objective lens 
unit and being capable of generating an output signal 
rqjrcsentative of fee image transmitted by said objec- 
tive lens unit; 

display means responsive to said imaging device output 
signal for generating a video reproduction of the image 
passed by said objective lens unit: and 

means responsive to said imaging device output signal for 
causing said displa}' means to generate a video image 
rqjrcsentative of the position of at least said zoom lens 
unit or said imaging device. 
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As the below-named inventors and applicants, we hereby declare that: 

1 . Our residence, post office address and citizenship are as stated below 
next to our names. 

2. We believe that we are the original, first and joint inventors of the subject 
matter which is described and claimed in U.S. Patent No. 5,662,584, granted on 
September 2, 1997, for which invention we solicit a reissue patent pursuant to the 
provisions of 35 USC 251. 
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3. The above-identified U.S. Patent No. 5,662,584 issued on U.S. Application Serial 
No. 08/545,927, filed October 20, 1995, as a continuation-in-part of parent Application 
Serial No. 08/319,886, filed October 7. 1994, which issued as U.S. Patent No. 
5,582,576, on December 10,1996. 

4. The above-identified U.S. Patent No. 5,662,584 is owned solely and exclusively 
by Vista Medical Technologies, Inc. by virtue of an assignment executed by us that was 
recorded in the United States Patent and Trademark Office, on October 1 1996, at Reel 
8159, Frame 0005. 

5. A reissue application is attached hereto and this declaration is an integral part 
thereof. Said reissue application indicates the matter to be deleted by reissue as being 
enclosed in brackets and the matter to be added by reissue as being underlined. 

6. As required in 37 CFR 1 . 1 71 , an order for a title report, accompanied by a 
request to charge the required fee to the Deposit Account of the attorney of record, as 
set forth in 37 CFR 1 . 1 9(b)(6), is filed herewith. 

7. Also filed herewith is a document comprising an offer to surrender the Patent for 
which reissue is sought by the assignee of the entire interest of the Patent, as 
required in 37 CFR 1.172 and 1.178. 

8. The assent of the assignee to this reissue application is set forth below. 

9. We acknowledge the duty to disclose information which is material to the 
examination of this application in accordance with 37 CFR 1 .56(a). In compliance with 
this duty, an information disclosure statement is filed herewith. 

1 0. We hereby state that we have reviewed and understand the contents of the 
above-identified reissue application attached hereto. Including its specification and 
claims, and the accompanying affidavit of Nicholas A. Pandiscio. 

1 1 . Prior to signing the declaration in said U.S. Patent Application Serial No. 
08/545,927, which matured into the above-identified patent, we reviewed, believed we 
understood, and approved, the claims in the application. At the time we signed said 
declaration in Application Ser. No. 08/545,927 we did not observe that the claims 
contained any errors. 
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12. We now understand and believe that said U.S. Patent No. 5,662,584 is partly 
invalid and inoperative by reason of claims 1 , 7 and 9 of the disclosure containing 
errors which arose without deceptive intent. 

13. On information and belief, the fact that the claims of the patent contain errors 
affecting the validity and operability of those claims and the patent was first discovered 
by our patent counsel, Nicholas A. Pandiscio, as explained in his affidavit which forms 
part of our application for reissue of said U.S. Patent No. 5,662,584. We have read his 
affidavit and incorporate it by reference as part of our reissue application. 

14. The errors which are the basis of this reissue application , and which render our 
U.S. Patent No. 5,662,584 partly invalid and inoperative, are as set forth in the following 
sub-paragraphs A-C: 

A. Claim 1 , at column 16, line 21 (in the application, at page 27, lines 
4-5), recites a tube "being mounted within said outer tube". That 
recitation is erroneous in that the claim contains no antecedent for "said 
outer tube". We believe that It was not necessary that claim 1 and its 
dependent claims 2-6 be restricted to an endoscope having two tubes, 
one inside of the other, since the novelty of our invention was not in the 
structure of the tube assembly but rather the electronic system for causing 
the display means to generate a video image representative of the 
position of at least the zoom lens or the CCD imaging device. 

B. Claim 7, at column 18, lines 1-3 (in the application, at page 
30, lines 7,8) recites "means attached to said handle assembly for 
connecting said proximal end of said light transmitting means to a light 
source". That recitation is erroneous in that there is no antecedent for 
"said light transmitting means". In this connection it should be noted that 
claim 7, in the patent, at column 17, lines 65-68 (in the application, page 
30, lines 5-6) recites "a space between said outer and inner tubes for 
transmitting light to illuminate an object viewed by said objective lens 
unit," but does not positively recite any "light transmitting means" to which 
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the light source mentioned in the claim at column 18, lines 1-3 (in the 

application at page 30, lines 7-8) is connected. 

C. Claim 9, at column 18, lines 16-18 (in the application at page 30, 

lines 18-20) recites "said light transmitting means". That recitation is in 

en-or as a redundancy since claim 9 depends from claim 7 and claim 7 

already makes mention (column 18, line 2) of "said light transmitting 

means". 

15. On information and belief, the changes we propose to make to the claims to 
correct the foregoing errors do not introduce any new matter, have an adequate basis 
in the specification of the application, and do not enlarge the scope of the claims. 
Although we propose to delete certain language from claim 9 pertaining to the light 
transmitting means,, it will not affect the scope of that claim since we propose to insert 
substantially the same language in its parent claim 7. Furthermore addition of that 
language to claim 7 will have the effect of limiting rather than broadening that claim. 

1 6. The foregoing errors in claims 1 ,7 and 9 ail arose without any deceptive intent on 
our part and, on information and belief, without any deceptive intent on the part of our 
attorneys. 

17. By this reissue application we also propose to (a) amend claim 7 by addition of 
the word "electronic" in column 18, line 9, and (b) amend claim 12 by addition of 
"output" in column 18, line 33. These amendments are not based on any errors that 
affect the validity or operability of those claims, but rather are presented merely for the 
purpose of eliminating any possibility of argument as to the antecedents or meaning. 
These particular amendments to claims 7 and 12 do not introduce any new matter, do 
not broaden the scope of the claims and do not raise any new issues. 

18. We acknowledge that the Assignee retains the right to prosecute the reissue 
application of which this declaration is a part, and to receive any reissue patent granted 
on said application. 

19 We appoint Nicholas A. Pandiscio, Registration No. 17,293; Mark J. Pandiscio, 
Registration No. 30,883; and Scott R. Foster, Registration No. 20,570; or any of them, 
all of the firm of Pandiscio & Pandiscio, 470 Totten Pond Road, Waltham, 
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Massachusetts 02154, (Telephone No. 781-290-0060), as our attorneys, with full power 
of substitution and revocation, to prosecute this application and to transact all business 
in the Patent Office connected therewith. 

20. We declare that all statements made herein of our own knowledge are true and 
that all statements made on information and belief are believed to be true; and further 
that these statements were made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code and that such willful false statements may jeopardize 
the validity of the reissue application or any patent issued thereon. 





Koichiro Hori 



Residence: 



24 Parker Road, Framingham, MA 01701 



P.O. Address: 



same 



Citizenship: 



Japan 




Herbert A. Thaler 



Residence: 



680 Pleasant Street, Framingham, MA 01701 



P.O. Address: 



same 



Citizenship: 



U.S.A. 
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Assent of Assignee To Reissue Application 



I, Koichiro Hori, declare that I am a Vice-President of the Assignee, Vista 
Medical Technologies, Inc., and that I am authorized to act on the Assignee's behalf in 
connection with the attached application for reissue of said U.S. Patent No. 5,662,584. 
I further declare that Assignee assents to the attached application for reissue. I further 
declare that the foregoing statements relating to the Assignee are true and were made 
with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1 001 of Title 18 of the United States Code 
and that such willful false statements may jeopardize the validity of the reissue 
application or any patent that my issue thereon. 



Signature: 




Name: Koichiro Hori 

Title: Vice President 



Assignee: 



Vista Medical Technologies, Inc. 



Date: 
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12/10/99 
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